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The thesis entitled "Studies Directed Towards the Total Synthesis of (+)-Discodermolide" is divided into chapters. CHAPTER I: This chapter is further divided into three sections. SECTION A: This section describes the earlier synthetic approaches and biological importance of discodermolide. SECTION B: This section includes the stereoselective synthesis of C1-C9 fragment of (+)-discodermolide. In 1990 Gunasekera and co-workers at the Harbor Branch Oceanographic Institute reported the isolation of (+)-discodermolide (1), an architecturally novel antitumor agent isolated from the deep water sponge Discodermia dissoluta. 1 <\sup>he structure of (+)-discodermolide comprises a linear polypropionate backbone punctuated by (Z)-olefinic linkages at C(8-9), C(13-14) and C(21-22). (+)-Discodermolide was found to possess potent immunosuppressive property both in vitro and in vivo as well as displaying cytotoxicity and antifungal activity. Not surprisingly the remarkable biological activity and novel structure in conjunction with the scarcity of the natural material has led to considerable interests in discodermolide as a synthetic target. 
Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a66_figureNO1.jpg" \t "_blank​) 
Several synthetic approaches towards the synthesis of (+)-discodermolide have been disclosed in literature. 2 <\sup>s part of our programme towards the synthesis of (+)-discodermolide we chose to adopt a highly convergent strategy, disconnecting the carbon backbone at C(8-9) and C(13-14) Z-alkenes thus dividing the target into three key subunits 2, 3 and 4. The synthesis of intermediates 2 and 4 was envisaged from bicyclic ketone 5 (Scheme-1). Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a66_figureNO2.jpg" \t "_blank​) 
The bicyclic ketone 5 was prepared by employing a (3+4) cycloaddition reaction of oxyallyl cation and furan as reported by Hoffmann and co-workers. 3 <\sup>he acid catalysed dibromination of 3-pentanone afforded the dibromo compound 7. The dibromo compound 7 when treated with furan in the presence of Zn-Cu couple underwent a (3+4) cycloaddition reaction to afford the 2,4-dimethyl-8-oxa-bicyclo[3.2.1]oct-6-ene-3-ones 9, 10 and 11 in the ratio 8:1:1. These bicyclic ketones on selective reduction with DIBAL-H exclusively gave the corresponding endo alcohols 12, 13 and 14 as shown in scheme-2. Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a66_figureNO3.jpg" \t "_blank​) 
The required alcohol 12 was isolated from the other isomers 13 and 14 using column chromatography and the structure was confirmed from spectral studies. The hydroxyl group of compound 12 was then protected as its benzyl ether 15 using NaH and benzyl bromide. Asymmetric hydroboration of olefin 15 using (-)-diisopinocampheylborane 4 <\sup>roceeded smoothly to give the alcohol 16 with high enantiomeric purity with an yield of 96%. The alcohol 16 was converted to the lactone 18 by a two step sequence, PCC oxidation of alcohol 16 followed by Baeyer-Villiger oxidation of the resulting ketone 17 as shown in scheme-3. Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a66_figureNO4.jpg" \t "_blank​) 
Having obtained the bicyclic lactone 18 with all the functionalities for the elaboration of C1-C9 fragment of 1, attention was directed to the opening of lactone 18. Hydrolysis of lactone using catalytic amount of sulphuric acid in MeOH afforded the acetal 19 with a minor amount of the a-isomer (at C-1 centre). Compound 19 was then converted to the a,b-unsaturated ester 20 by DIBAL-H reduction followed by Wittig olefination. The ester was then converted to the lactone 22 by a 4 step sequence as shown in scheme-4. Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a66_figureNO5.jpg" \t "_blank​) Next, attention was directed to invert the stereochemistry of C-2 and C-5 of lactone 22. For this the lactone 22 was opened with 1% NaOH and the resulting hydroxy acid was subjected to an intramolecular Mitsunobu reaction. 5 <\sup>OE studies of the resulting products 23 and 24 revealed that in compound 23 epimerisation has occurred at C-2 centre and in 24 C-5 centre has been inverted (Scheme-5). Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a66_figureNO6.jpg" \t "_blank​) Trial reactions aimed at epimerisation of C-2 of lactone 24 ended up with elimination giving rise to the corresponding a,b-unsaturated product. So attention was turned towards the inversion at the C-5 centre of lactone 23, to get the required product. The idea was to open the lactone 23 and invert the C-5 hydroxyl group followed by cyclisation to regenerate the lactone moiety. But inversion of the hydroxyl group at C-5 centre of compound 25 by Mitsunobu protocol under different experimental conditions went in vain (Scheme-6). Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a66_figureNO7.jpg" \t "_blank​) Since it failed to get the required product, a new route was selected for the elaboration of C1-C9 fragment of (+)-discodermolide. The new synthetic route was initiated with the opening of bicyclic lactone 18 with LAH to obtain the triol 26. The primary hydroxyl groups of compound 26 were selectively protected as their TBDPS ether (Scheme-7). Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a66_figureNO8.jpg" \t "_blank​) Inversion of the hydroxyl group configuration at C-5 centre of compound 27 using Mitsunobu protocol failed. Alternatively we explored the oxidation reduction strategy. Oxidation of compound 27 using Dess-Martin periodinane followed by reduction using NaBH 4 <\sub>n MeOH/THF (4:1) afforded the required a-isomer 29 as the major product (29:27 = 9:1). Compound 29 was then converted to the lactone 31 by a two step reaction sequence as shown in scheme-8. Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a66_figureNO9.jpg" \t "_blank​) The next step called for epimerisation at the C-2 centre of the lactone 31. To circumvent the possibility of unwanted side reactions involving the reactive aldehyde group of compound 31 it was reduced with NaCNBH 3 <\sub>nd the resulted alcohol was protected as its TBS ether 32. Epimerisation of compound 32 using 1% NaOH in THF afforded the required product 33 in 55% yield along with minor amount of the a,b-unsaturated analogue 34 (Scheme-9). Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a66_figureNO10.jpg" \t "_blank​) After the synthesis of lactone 33 attention was turned towards the extension of alkyl chain at C-5 centre. But it was found that along with the deprotection of TBS group elimination of benzylic group was also taking place. So the synthesis of C1-C9 fragment was completed by performing a vinyl Grignard on compound 31 (Scheme-10). The configuration at C-7 centre of compound 35 was determined by the comparative coupling constant studies with that of related compounds Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a66_figureNO11.jpg" \t "_blank​) SECTION C: This section describes about the synthetic efforts towards the C1-C13 fragment of (+)-discodermolide Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a66_figureNO12.jpg" \t "_blank​) Synthesis of fragment 38 was started from propanal. It was converted to the trans-3-pentenoic acid 42 by reaction with malonic acid. 8 <\sup>ntroduction of the methyl group at C-2 position of 42 was achieved using LDA and MeI. Kinetic resolution of 43 using (+)-a-methylbenzylamine followed by hydrolysis resulted in the required compound 44 (Scheme-13). Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a66_figureNO13.jpg" \t "_blank​) Compound 44 on iodolactonisation afforded the lactone 45. The lactone 45 was then converted to the epoxy alcohol 46 by successive reduction using DIBAL-H and NaBH 4 <\sub> The epoxy alcohol 46 was then protected as its benzyl ether 38 using NaH and BnBr as shown in scheme-14 Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a66_figureNO14.jpg" \t "_blank​) CHAPTER II: This chapter describes the reactions involving C-alkylation of indoles and pyrroles using indium trichloride. This chapter is divided into three sections. SECTION A: This section describes about the reactions and biological importance of indole and pyrrole derivatives. SECTION B: This section describes about the indium trichloride catalysed conjugate addition of indoles and pyrrole with electron deficient olefins. Indole and pyrrole derivatives are of much research interest for over a century because a number of their derivatives occur in nature and possess biological activity. 11 <\sup>e have developed novel methods for the synthesis of indole and pyrrole derivatives by C-alkylation using indium trichloride. 12 <\sup> was found that the treatment of indole with a,b-unsaturated compounds in the presence of catalytic amount of indium trichloride in DCM afforded 3-alkylated indole in high yields as shown in scheme-15. Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a66_figureNO15.jpg" \t "_blank​) SECTION C: This section describes about the C-alkylation of indoles with epoxides. Epoxides are versatile intermediates for the synthesis of many bioactive natural products. 13 <\sup>hey are well known carbon electrophiles capable of reacting with various nucleophiles and their ability to undergo regioselective ring opening reactions contribute largely to their synthetic value. The epoxide ring opening with certain nucleophiles are generally carried out with acid or base catalysis to produce ring opened products. We developed a novel and simple protocol for the regioselective ring opening of epoxides with indoles to produce 3-alkyl indole derivatives of biological importance using indium trichloride. Thus treatment of indole with styrene oxide in the presence of catalytic amount of indium trichloride under mild conditions afforded 2-(3-indolyl)-2-phenylethanol (Scheme-17). Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a66_figureNO16.jpg" \t "_blank​) Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a66_figureNO17.jpg" \t "_blank​) Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a66_figureNO18.jpg" \t "_blank​) 




